Comparing the environmental impact of stabilisers for unfired earth construction by Maskell, D et al.
        
Citation for published version:
Maskell, D, Heath, A & Walker, PJ 2014, 'Comparing the environmental impact of stabilisers for unfired earth











Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


















(DUWKHQ EXLOGLQJPDWHULDOV FRQWULEXWH WR UHGXFH HQHUJ\ FRQVXPSWLRQ LQ XVH WKURXJK WKHLU SDVVLYH
UHJXODWLRQRIWHPSHUDWXUHDQGKXPLGLW\,QDGGLWLRQWKHUHFDQDOVREHVLJQLILFDQWHPERGLHGHQHUJ\
VDYLQJV FRPSDUHG WR RWKHU PDWHULDOV 7UDGLWLRQDO PHWKRGV RI HDUWKHQ FRQVWUXFWLRQ XVLQJ ORFDOO\
VRXUFHGPDWHULDOVDQGPDQXDO ODERXUUHTXLUHPLQLPDOHQHUJ\IRUWKHWUDQVSRUWDQGFRQVWUXFWLRQ$
JUHDWHU XSWDNH RI HDUWK FRQVWUXFWLRQ LV OLNHO\ WR FRPH IURP PRGHUQ LQQRYDWLRQV VXFK DV
LQGXVWULDOLVHG PDQXIDFWXUH  ([WUXGHG ILUHG EULFN PDQXIDFWXULQJ SURFHVVHV KDV WKH SRWHQWLDO WR
SURGXFHDKLJKTXDOLW\ ORZFRVWDQG ORZHQHUJ\SURGXFWVXLWDEOH IRU WKHPDLQVWUHDPFRQVWUXFWLRQ
VHFWRU LQ ERWK GHYHORSHG DQG GHYHORSLQJ QDWLRQV %\ QRW ILULQJ WKH H[WUXGHG FOD\ EULFNV DQ
HPERGLHG HQHUJ\ VDYLQJ RI FDQ EH DFKLHYHG FRPSDUHG WR ILUHG FOD\ DQG FRPSDUHG WR
FRQFUHWHEORFNV
+RZHYHU WKHUH DUH OLPLWDWLRQV WR WKH VWUXFWXUDOXVHRIXQVWDELOLVHGHDUWKEULFNVGXH WR WKH ORVVRI





LVDPHDVXUHRI WKHHTXLYDOHQWFDUERQGLR[LGH WKDWDOORZVIRU WKHUHODWLYHZHLJKWLQJVRIGDPDJLQJ
JUHHQKRXVH JDVVHV %RWK WKH HPERGLHG HQHUJ\ DQG WKH *:3 ILJXUHV RI YDULRXV VWDELOLVHUV DUH
FRPSDUHGDQGGLVFXVVHG
7KHFRQFOXVLRQRI WKHZRUNLV WKDW WKHUHLVDPD[LPXPTXDQWLW\RIVWDELOLVHUWKDQVKRXOGEHXVHG
7\SLFDOO\WKHTXDQWLWLHVRIVWDELOLVHUDUHTXRWHGDVWKHDPRXQWWKDWJLYHVWKHPD[LPXPVWUHQJWKEXW








%\ WKH8.LV ODZIXOO\FRPPLWWHG WR UHGXFLQJFDUERQHPLVVLRQVE\RIOHYHOVDQG
FXUUHQWO\ D TXDUWHU RI WKH JOREDO FDUERQ HPLVVLRQV FDQ EH DWWULEXWHG WR WKH FRQVWUXFWLRQ DQG
RFFXSDWLRQ RI EXLOGLQJ 0HW] DQG 'DYLGVRQ 7KH 8. JRYHUQPHQW KDV UHFRJQLVHG WKLV
FKDOOHQJHDQGKDVVHWWDUJHWVIRUDOOEXLOGLQJVWREHFDUERQQHXWUDOE\ZLWKGRPHVWLFEXLOGLQJV
QHHGLQJ WRPHHW WKLV UHTXLUHPHQW E\  &XUUHQW UHJXODWLRQV IRU FDUERQ QHXWUDO EXLOGLQJV RQO\
DFFRXQW IRU WKH RSHUDWLRQDO HQHUJ\ EXW WKLVPD\ FKDQJH LQ WKH IXWXUH  (PERGLHG HQHUJ\ RI WKH
PDWHULDOVXVHGZLWKLQ WKH FRQVWUXFWLRQ LQGXVWU\ FXUUHQWO\ DFFRXQW IRUEHWZHHQDQGRI D
EXLOGLQJ¶VFDUERQIRRWSULQWDQGWKLVLVSUHGLFWHGWRULVHDVKLJKDVE\6WXUJLV	5REHUWV
DVRSHUDWLRQDOFDUERQGHFUHDVHV
&RQFUHWH SURGXFWLRQ DFFRXQWV IRU DSSUR[LPDWHO\  RI JOREDO &2 HPLVVLRQV %DVKHHU 
:LWKLQWKH8.PLOOLRQPRIFRQFUHWHEORFNVLQFOXGLQJGHQVHOLJKWZHLJKWDQGDHUDWHGEORFNV
ZHUHSURGXFHGGXULQJ%,6+HDWKHWDOVKRZHGWKDWHDUWKFRQVWUXFWLRQFRXOGEH












0RLVWXUH &RQWHQW 0& LV LGHQWLILHG DV OLPLWLQJ WKH DGRSWLRQ RI XQILUHG HDUWK EULFNV LQWR WKH
PDLQVWUHDP FRQVWUXFWLRQ VHFWRU +HDWK HW DO  7KH FRPPRQ UHVSRQVH WR WKH GXUDELOLW\
FRQFHUQV LV WR VWDELOLVH WKH HDUWKZLWK YDULRXV FKHPLFDO DGGLWLYHV7\SLFDOO\ FHPHQW RU OLPH KDYH
EHHQDGGHGWRWKHHDUWK5HGG\	*XSWD:DONHU,QUHFRJQLWLRQRIWKHHQYLURQPHQWDO
LPSDFW RI XVLQJ WKHVH DGGLWLYHV WKHUH KDV EHHQ DQ LQFUHDVH LQ UHVHDUFK IRFXVHG RQ DOWHUQDWLYH
DGGLWLYHV DV ZHOO DV WKH XWLOLVDWLRQ RI ZDVWH DQG E\SURGXFW PDWHULDOV IURP YDULRXV LQGXVWULDO
SURFHVVHV2WLHWDO6DQWRQLHWDO7LQJOHHWDO
7KH DGGLWLRQ RI DQ\ FKHPLFDO RU PHFKDQLFDO SURFHVV PD\ KDYH D GHWULPHQWDO LPSDFW RQ WKH
HPERGLHG HQHUJ\ DQG *:3 7KH *:3 FRQVLGHUV WKH HPLVVLRQ RI JUHHQKRXVH JDVVHV DQG LV D











*DV \HDUV \HDUV \HDUV
&DUERQ'LR[LGH   
0HWKDQH   
1LWURXVR[LGH   
&)&   
+)&K\GURIOXRURFDUERQ   
6XOIXUKH[DIOXRULGH   

$OWKRXJK WKH HQYLURQPHQWDO LPSDFWRI VWDELOLVDWLRQKDVEHHQFRQVLGHUHGE\2WLHW DO RQO\
5HGG\KDVTXDQWLILDEO\FRQVLGHUHGKRZDVWDELOLVHGHDUWKFRQVWUXFWLRQFRPSDUHVDJDLQVWDQ
HTXLYDOHQW FRQVWUXFWLRQZLWK ILUHG EULFNPDVRQU\ZDOO 7KH VXLWDELOLW\ RI D VWDELOLVHU LV QRUPDOO\
EDVHG RQO\ RQ WKH PD[LPXP FRPSUHVVLYH VWUHQJWK DQG JUHDWHVW GXUDELOLW\ FKDUDFWHULVWLFV




FRQVLGHU UDPPHG HDUWK &RPSUHVVHG (DUWK %ORFNV &(%V DQG H[WUXGHG HDUWK EULFNV 3HUIRUDWHG

















HDUWKZDOO 7KHVH LQFOXGH WUDQVSRUWDWLRQPL[LQJ DQG FRPSDFWLRQ RI WKH VRLO ,JQRULQJ WKH HQHUJ\
UHTXLUHGIRUWUDQVSRUWYDOXHVYDULHGIURPWR0-P$OWKRXJKWKHZDOOWKLFNQHVVLQFUHDVHG







HQHUJ\ XV DWWULEXWHG WR WKH LQFOXVLRQ RI FHPHQW $VVXPLQJ D OLQHDU UHODWLRQVKLS EHWZHHQ WKH










PHDQW WR EH FRQVLGHUHG LQGLFDWLYHO\ UDWKHU WKDQ SUHFLVH TXDQWLWLHV $OORFDWLRQ KDV QRW EHHQ
FRQVLGHUHG IRU WKLV VWXG\ DOWKRXJK GHSHQGLQJ RQ WKH W\SH RI DOORFDWLRQ IRU H[DPSOH PDVV RU
HFRQRPLFWKHUHFDQEHVLJQLILFDQWYDULDELOLW\ZLWKUHVSHFWWRWKHHPERGLHGHQHUJ\DQG*:3+DEHUW
HW DO  'HVFULSWLRQV RI WKH YDULRXV PHWKRG RI DOORFDWLRQ XVHG IRU WKH ,&( DQG (FRLQYHQW
GDWDEDVHV FDQ EH IRXQG LQ +DPPRQG DQG -RQHV  DQG )ULVFKNQHFKW HW DO   :KHUH
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$VVKRZQLQ7DEOHWKHUHLVEURDGDJUHHPHQWZLWKWKH,&(DQG(FRLQYHQWGDWDEDVHVZLWKWKLFNHU
PPHDUWKZDOOVDSSURDFKLQJ WKHYDOXHV IRUPPFRQFUHWHEORFNV7KHYDOXHV IRU UDPPHG
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7\SLFDOO\ VWDELOLVDWLRQ LV XVHG WR LQFUHDVH WKH FRPSUHVVLYH VWUHQJWK +HDWK HW DO 
GHPRQVWUDWHGWKHVWUXFWXUDOSRWHQWLDOIRUWKHHDUWKHQFRQVWUXFWLRQRIPPWKLFNEULFNVWRUHPDLQ
XQVWDELOLVHG ZKHQ FRQVLGHULQJ W\SLFDO FRQGLWLRQV $OWKRXJK WKH XQLWV RQO\ KDG D FRPSUHVVLYH
VWUHQJWKRI1PPVLPLODUWR$$&EORFNVZLWKDFRPSUHVVLYHVWUHQJWKRI1PP(XURSHDQ
GHVLJQFRGHVZHUHXVHGWRGHPRQVWUDWHWKHVXLWDELOLW\IRUDWZRVWRU\GRPHVWLFKRXVH
8QGHU H[WUHPHPRLVWXUH FRQGLWLRQV ZKHUH WKHVH EULFNV XQGHUJR IXOO VDWXUDWLRQ E\ VXEPHUVLRQ LQ
ZDWHU WKHEULFNV ORVHDOO VWUHQJWKDQGGLVLQWHJUDWH 0DVNHOOHWDO)XOOVXEPHUVLRQPD\EH
FRQVLGHUHG DV WRR KDUVK DQG QRW UHSUHVHQWDWLYH RI LQVHUYLFH FRQGLWLRQV 7HVWLQJ XQGHU WKLV
FRQGLWLRQV ZLOO JLYH FRQILGHQFH DV VDWXUDWHG SHUIRUPDQFH RI HDUWK PDVRQU\ UHPDLQV RQH RI WKH
JUHDWHVWEDUULHUVWRFRPPHUFLDODGRSWLRQ0DVNHOOHWDO3URYLGLQJWKDWWKHZDOOFDQUHVLVWDQ
DSSOLHG WRWDO ORDGRIN1P WKH MXVWLILFDWLRQRI VWDELOLVDWLRQ LV WKHUHIRUHQRW WR LQFUHDVH WKHGU\
FRPSUHVVLYH VWUHQJWK EXW WR LQFUHDVH WKH GXUDELOLW\ VR WKDW VXIILFLHQW VWUHQJWK LV DFKLHYHG XQGHU
WKHVHµZHW¶FRQGLWLRQV
7KHUH LV LQWHUGHSHQGHQF\ EHWZHHQ WKH VRLO DQG VWDELOLVHU ZLWK UHJDUGLQJ WR WKH TXDQWLW\ WKDW FDQ
DFKLHYHDPD[LPXPFRPSUHVVLYHVWUHQJWK%XUURXJKVFRQGXFWHGDFRPSUHKHQVLYHVWXG\RI
WKHVRLOSURSHUW\FULWHULDVXLWDEOH IRUVWDELOLVDWLRQ LQ UDPPHGHDUWKDSSOLFDWLRQ7KHILQGLQJVVKRZ
WKDWWKHUHLVDQRSWLPXPSDUWLFOHVL]HGLVWULEXWLRQDQGSODVWLFLW\LQGH[IRUVRLOWREHVWDELOLVHG7KH
VWDELOLVHU ZLOO DIIHFW WKH SK\VLFDO SURSHUWLHV RI WKH VRLO LQFOXGLQJ WKH PD[LPXP GU\ GHQVLW\ DQG
$WWHUEHUJ OLPLWV $V VXFK WKLV ZLOO DIIHFW WKH HQHUJ\ IRU UDPPLQJ 5HGG\  DQG H[WUXVLRQ
7KHUHDUHDGGLWLRQDOFRQFHUQVZLWKUHJDUGVWRWKHKDQGOLQJRIFHUWDLQFDXVWLFFKHPLFDOVDVZHOODVWKH
VHWWLQJ WLPH HVSHFLDOO\ZKHQ H[WUXGHG&RQVLGHUDWLRQ RI WKHVH IDFWRUVZLOO LQIRUP WKH DPRXQW RI
DGGLWLYHUHTXLUHGZKLOHDQDSSUHFLDWLRQRIWKHHQYLURQPHQWDOLPSDFWZLOOLQIRUPLIDOWHUQDWLYHVDUH
PRUHDSSURSULDWH









+HDWK HW DO  VXPPDULVHG WKH EHQHILFLDO HQYLURQPHQWDO LPSDFW WKDW JHRSRO\PHUV EDVHG
FRQFUHWH KDV FRPSDUHG WR FRQFUHWH EDVHG RQ 3RUWODQG FHPHQW $OO RI WKH VWXGLHV VKRZ WKDW WKH















SURGXFWLRQ DQG PDLQVWUHDP FRQVWUXFWLRQ )RU WKH 8. FOLPDWH WKLV PHDQV WKDW WKHUH LV PLQLPXP
UHOLDQFH RQ ODERXU DQG WKHUHIRUH PHFKDQLVHG IRUPV RI FRQVWUXFWLRQ ZLOO EH WKH IRFXV RI WKH
HQYLURQPHQWDOLPSDFWDQDO\VLV
)URP7DEOH LW LVFOHDU WKDWGHQVHFRQFUHWHEORFNZRUNKDV WKH OHDVWHQYLURQPHQWDO LPSDFWRI WKH
FRQYHQWLRQDO DQG W\SLFDOO\ SHUFHLYHG KLJK LPSDFWPDWHULDOV7KHUHIRUH IRU DQ\ DOWHUQDWLYH HDUWKHQ












IURP HLWKHU WKH ,&( RU (FRLQYHQW GDWDEDVH  0-P DQG  &2HTP UHVSHFWLYHO\ 7KLV
GHWHUPLQHVERWKWKHPD[LPXPDOORZDEOHZDOOWKLFNQHVVDQGDPRXQWRIVWDELOLVHUIRUDQ\JLYHQZDOO
WKLFNQHVV ,W LV LPSRUWDQW WR FRQVLGHU WKDW WKH FDOFXODWLRQVSUHVHQWHGEHORZDUHEDVHGRQGDWD VHWV
ZKLFKKDYHDQLQKHUHQWYDULDELOLW\$VVXFKWKHGDWDSUHVHQWHGVKRXOGEHFRQVLGHUHGLQGLFDWLYHDQG
DSSUR[LPDWH UDWKHU WKDQ DEVROXWH 6HQVLWLYLW\ DQDO\VLV KDV EHHQ XQGHUWDNHQ WKDW GLVFXVVHV WKH
SRWHQWLDOYDULDELOLW\
(IIHFW RI ZDOO WKLFNQHVV7DEOH  VKRZV KRZ WKH HQYLURQPHQWDO LPSDFW FKDQJHV IRU LQFUHDVLQJ














ZDOO WKLFNQHVVHV DUH SURYLGHG 7KHVH ZDOOV UHPDLQ XQVWDELOLVHG DQG FRQFHUQV RYHU VWUHQJWK DQG
GXUDELOLW\ UHPDLQ 7KH XQVWDELOLVHG UDPPHG HDUWK DQG H[WUXGHG HDUWK PDVRQU\ ZRXOG UHTXLUH D













DGGLWLRQ WKH PD[LPXP DPRXQW RI DGGLWLYH FDQ EH FDOFXODWH DQG LV SUHVHQWHG LQ 7DEOH   7KH
PD[LPXP DGGLWLYH FRQWHQW LV GHWHUPLQHG E\ HTXDOLVLQJ WKH HPERGLHG HQHUJ\ WR 0-P 7KH
DGGLWLYHLVTXDQWLW\LVH[SUHVVHGDVDSHUFHQWDJHRIWKHPDVVRIGU\VRLO$OWKRXJKWKHHQYLURQPHQWDO
LPSDFWVRI**%6DQG)O\$VKZHUHSURYLGHGLQ)LJXUHWKHUHPD[LPXPDPRXQWRIWKDWFRXOGEH






WKHVH YDULDEOHV E\ ±  RI WKH YDOXHV JLYHQ LQ 7DEOH  DQG )LJXUH  7KH PD[LPXP DGGLWLYH
FRQWHQWDVJLYHQLQ7DEOHFRXOGFKDQJHXSWR±RIWKHYDOXHVJLYHQ












5DPPHG(DUWK &HPHQW  

















RI WKH PD[LPXP ZDOO WKLFNQHVV DQG PD[LPXP VWDELOLVHU FRQWHQW 6WXUJLV DQG 5REHUWV 
FRPPHQWV WKDWUHGXFLQJFDUERQLQWHQVLYHHQHUJ\XVHLVPRUHLPSRUWDQWWKDQHQHUJ\XVHDORQH$V
VXFK WKH *:3 LV D EHWWHU SUR[\ WKDQ HPERGLHG HQHUJ\ ZKHQ FRQWH[WXDOLVLQJ WKH HIIHFW RQ WKH
HQYLURQPHQWGXHWRJUHHQKRXVHJDVHPLVVLRQV
&RQVLGHULQJ WKDW WKHUH LV DQ DUJXPHQW WR RQO\ FRQVLGHU WKH *:3 UHJDUGOHVV WKDW WKH HPERGLHG















































7KHUHKDVEHHQ OLPLWHG UHVHDUFKRQ WKHHQYLURQPHQWDO LPSDFWVRIHDUWKHQFRQVWUXFWLRQ$IXOO OLIH
F\FOHDVVHVVPHQWZDVQRWXQGHUWDNHQEXWWKHHPERGLHGHQHUJ\DQG*:3ZDVFRQVLGHUHG7KLVZDV
H[SUHVVHGZLWKUHVSHFW WR WKHHOHYDWLRQDUHDRI WKHZDOO7KHIXQFWLRQDOXQLWRIDEXLOGLQJHOHPHQW
DOORZVIRUGLUHFWFRPSDULVRQRIWKHHQYLURQPHQWDOLPSDFWIRUVDPHIXQFWLRQLUUHVSHFWLYHRIGHQVLW\











,I WKH UHTXLUHG VWUHQJWK DQG GXUDELOLW\ RI WKH HDUWKHQ ZDOO FDQ RQO\ EH DFKLHYHG WKURXJK WKH
H[FHHGLQJWKHYDOXHVVWDWHGWKHQIURPDQHPERGLHGHQHUJ\RU&2LPSDFWDFRQFUHWHEORFNZRXOG
SURYLGH DGYDQWDJH 7KH PD[LPXP DGGLWLYHV FDOFXODWHG DUH ODUJHU WKDQ WKRVH W\SLFDOO\ XVHG LQ
OLWHUDWXUHDQG WKHUHIRUHSUHVHQWDVWUXFWXUDOO\VXIILFLHQWDQGORZHUHPERGLHGHQYLURQPHQWDO LPSDFW
RSWLRQ  7KLV LQGLFDWHV WKDW VWDELOLVLQJ D WKLQ HDUWK ZDOO PD\ SUHVHQW HPERGLHG HQHUJ\ RU &2
DGYDQWDJHVRYHUXVLQJFRQFUHWHEORFNVRUXVLQJDWKLFNHUHDUWKZDOO7KHUHDUHKRZHYHUQXPHURXV
RWKHUDGYDQWDJHVWRXVLQJHDUWKLQFOXGLQJSRWHQWLDOO\UHGXFHGWUDQVSRUWDWLRQLPSDFWVWKHDELOLW\WR
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